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Abstract:

Study Area and Methods:

Results:

Size or age distributions of trees often yield valuable clues about changing environmental
conditions and the responses of populations to them. In a recent study, we measured the size
distribution of Eastern Hemlocks in a forest near Lake Michigan (the Hope College Nature
Preserve) to determine whether active recruitment into the population is taking place at a
similar rate as in the past. Increment cores were collected from 37 of the trees across the
entire size range to establish the relationship between trunk diameter and age. Further
analysis found that the size distribution was strongly skewed toward the intermediate and
larger tree size classes, suggesting a failure of recent recruitment relative to that in the past.
Age data collected from increment cores suggests that Eastern Hemlocks on this site take
approximately 41 years to reach just 10 cm dbh (diameter at breast height), and coupled
with the size distribution these data suggest that recruitment into the population has been
virtually zero since the early 1970’s. Potential reasons for this decline in recruitment
include, but are not limited to, herbivory by deer and possibly climatic changes in the last
few decades (increasing temperatures and decreasing precipitation). Regardless of the
reason, Eastern Hemlock will decline in density in this forest over the long term if the
observed trend continues into the future. Our group plans to extend data collection to similar
forest sites in West Michigan, both north and south of the Hope College Nature Preserve.

This study was conducted in the Hope College Nature Preserve (HCNP; Fig. 2), a
dune forest in Allegan County, Michigan (approx. 12 km SW of Holland, Michigan).
It is considered a transitional deciduous forest, dominated by American Beech (Fagus
grandifolia), Sugar Maple (Acer saccharum), and others species, though it is unique
in that it includes significant numbers of Eastern Hemlocks. Due to its proximity to
Lake Michigan (< 1 km), the HCNP has a markedly different climate than inland sites
just a few kilometers away.

In all, 77 Eastern Hemlocks were censused within a 5.96 ha portion of the
HCNP. Diameter at breast height in these trees ranged from 3.4 to 33.1 cm, and
averaged 14.5 cm (fig.4). Forty-four additional hemlocks were censused in other
parts of the HCNP, but the minimum size of trees included in this sample was 10
cm. This larger sample did include trees up to 47 cm dbh, but since trees smaller than
10 cm were not included the distribution in figure 1 is the least biased representation
of the population at the HCNP.

In 1995, Dr. K. Greg Murray and a student established a 20 x 20 m grid system and
began to tag, identify, and measure all trees > 10 cm dbh (diameter at breast height;
1.37m above soil level). In 2012, the entire grid was re-censused for Tsuga of all
sizes, down to the smallest identifiable seedlings (D. Stuart, C. Ward, and A.
Muhimpundu, personal communication). To date, 149 quadrats (5.96 hectares) have
been searched thoroughly. The trees censused were separated into 6 size classes, and a
representative number of trees from each size class was cored with a 5mm Mattson
increment borer (fig. 3). In all, we obtained 37 cores. After drying at 60oC and
mounting on wood blocks, the cores were sanded and the rings counted to determine
the age of each tree.

Growth rings were easily visible in our increment cores after drying and sanding (fig.
5). Many of the cores were slightly off-center and thus missed the exact middle of the
trunk, however. Such off-center cores were termed “partial” because they can yield a
minimum age only, while those that passed through the exact center of the trunk were
termed “complete.” Even in the case of the “partial” cores, it is unlikely that many
annual growth rings were missed. We explored the relationship between dbh and age
by using nonlinear regression to fit curves of the form dbh = a * ringsb to the data
from trees from which cores were collected. Wood et al. (2010) and others have
shown that an equation of this form usually provides the best description of the
relationship between dbh and age. We fit separate curves for trees represented by
partial and complete cores, but the regressions did not differ markedly (fig. 6); in
general, hemlocks at the HCNP grew only 11-12 cm in 50 years.

Discussion:

Figure 5. A finished core sample

Background:

Figure 2. Panoramic view of HCNP

Eastern Hemlock (Tsuga canadensis) (Fig. 1) is a major component of the boreal
forest at high latitudes across North America, but in the U.S. it ranges from
northeastern New England to the Great Lakes region and extends down the
Appalachian chain at high elevations (Fernald 1950). Along the western coast of
Michigan and in forests along the shore of Lake Superior, it is a significant
component of forests on the dune systems formed since the end of the last
glaciation. These forests have a unique composition owing to the microclimate
created by their proximity to Lake Michigan and the topography created by the
stabilized dunes (Grittinger 2009, Stuart et al. 2012). T. canadensis seems to be in
decline in many of these forests however, owing to low recruitment driven by
multiple environmental and anthropogenic factors (Salk et al. 2011). In forests near
Lake Superior, low recruitment appears to have started in the 1970’s (Salk et al.
2011), and appears to be attributable more to herbivory by white-tailed deer
(Odocoileus virginianus) than to climate change (Frelich et Lorimer 1985). According
to reports by the Michigan DNR (Department of Natural Resources), white-tailed
deer populations have grown by approximately one million from 1937 to 1989. Our
current research goal is to assess the status of T. canadensis in representative regions
of Allegan and Ottawa Counties, Michigan, and to determine whether any apparent
declines in recruitment can be attributed to herbivory by deer.

Figure 4. Size distribution
(diameter at breast height; dbh) of
all Eastern Hemlocks (Tsuga
canadensis) censused within a
5.96 hectare portion of the
HCNP. Mean + s.d. (n) dbh was
14.5 + 5.73 cm (77).

The unimodal size distribution of Eastern Hemlocks at the HCNP suggests that
recruitment of young individuals into the population has declined precipitously from
historical levels. Healthy reproduction and recruitment generally results in a negative
exponential, or “inverse j-shaped” distribution in which the smallest individuals are
the most frequent size class, and larger plants comprise smaller and smaller
proportions of the population (e.g., Frelich and Lorimer 1985). In contrast, the
distribution shown in fig. 4 has a mode at 10-15 cm, and smaller individuals are rare:
less than 15% of the population was below 10 cm dbh. In other populations with
unimodal size distributions, herbivory on seedlings by deer is most often indicated
(e.g., Grittinger 2009, Salk et al. 2011).
Together with the rarity of trees in the 0-5 and 5-10 cm size classes, the relationship
between dbh and age (fig. 6) suggests that recruitment has declined at least since the
early 1970’s. It is also notable that very large, old T. canadensis are virtually absent
from the HCNP (fig. 4), and this scarcity might be the legacy of logging or girdling of
hemlocks for their bark earlier in Holland’s history. There was a tannery in Holland
for many years, and a major source of tannins at that time was hemlock bark. The
decrease in recruitment of young individuals starting 40-65 years ago could derive
from any of the several factors that have been suggested for similar recruitment
declines elsewhere, including herbivory by white-tailed deer. It is also possible that
climate change has played a role, since the climatic conditions for T. canadensis are
marginal at best in our region.

Plans for further research:
To date, our work is based only on the size distribution of hemlocks in a 5.96 hectare
portion of the HCNP and on the relationship between size and age that we established
by coring a sample of individuals. In the future, we will extend our survey over a
greater portion of the HCNP and to similar forests at Saugatuck Dunes State Park and
Rosy Mound County Park (south and north of the HCNP, respectively). In addition,
we plan to explore the roles of microclimate and deer browsing as causes of poor
hemlock recruitment using transplanted hemlock seedlings in deer-protected (within
exclosures) and deer-exposed treatments on both south-facing (drier) and north-facing
(more mesic) slopes.
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Figure 3. Example of coring process

Figure 1. Typical Tsuga
canadensis

Figure 6. Annual growth rings vs. diameter at breast height (dbh) in T. canadensis in
and near the HCNP. Red circles represent trees for which only “partial” increment
cores were obtained (see text for explanation); blue circles represent trees with
complete cores. Lines are best nonlinear fits of the form dbh = a * ringsb to the data
for all trees (red) and for those with complete cores (blue). For the 11 “full” core
records, the regression equation was dbh = 0.357 * rings0.896. For all trees combined
it was dbh = 0.273 * rings0.947.
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